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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for designing a 
mold for molding a lens, and the lens accurately having desired 
optical characteristics without being affected by the shrinkage of a 
material, the change quantity of a refractive index or the like being 
the indefinite elements of the lens. 

SOLUTION: A tentative mold 2 is formed on the basis of a 
predetermined shape design value and a tentative lens 1 is molded 
by the tentative mold, and the optical characteristics of the molded 
tentative lens are measured to be compared with desired optical 
characteristics to detect the shift quantity of the spherical 
aberration value thereof. The shift quantity of an aspheric 
aberration value shifted from the desired optical characteristics as 
a result of detection is collated with a table T preliminarily 
calculating the relation between the fine change quantity Ai of 
higher order among the aspheric surface constant Ai of a formula 
prescribing an aspheric surface and the variation quantity of the I 
aspheric surface aberration value, and the fine change quantity of 
higher order among the corresponding aspheric surface constant is 
determined as adjusting quantity and the adjusting quantity is 

added to the aspheric surface constant of the formula for prescribing the aspheric surface of the tentative 
mold to design a final mold as a new shape design value. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While performing provisional shaping metal mold (henceforth "provisional shaping metal mold") 
creation based on a predetermined geometric design value and fabricating a provisional lens (henceforth a 
"provisional lens") with this provisional shaping metal mold While measuring the optical property of the 
fabricated provisional lens and detecting the amount of gaps of the spherical-aberration value as compared with 
a desired optical property The relation between the minute variation of a high order term and the amount of 
fluctuation of a spherical-aberration value is tested by comparison on the table for which it asked beforehand 
among the aspheric surface constants of the formula which specifies the aspheric surface for the amount of gaps 
of the aspheric surface aberration value [ optical property / desired ] shifted as a result of detection. The design 
approach of the shaping metal mold of the lens characterized by determining the minute variation of a high 
order term as an amount of adjustments among corresponding aspheric surface constants, adding this amount of 
adjustments to the aspheric surface constant of the formula which specifies the aspheric surface of the above- 
mentioned provisional shaping metal mold, and designing shaping metal mold final as a new geometric design 
value. 

[Claim 2] While creating provisional shaping metal mold (henceforth "provisional shaping metal mold") based 
on a predetermined geometric design value and fabricating a provisional lens (henceforth a "provisional lens") 
with this provisional shaping metal mold While measuring the optical property of the fabricated provisional lens 
and detecting the amount of gaps of the spherical-aberration value as compared with a desired optical property 
The minute variation of a high order term, the amount of fluctuation of a spherical-aberration value, and relation 
are tested by comparison on the table for which it asked beforehand among the aspheric surface constants of the 
formula which specifies the aspheric surface for the amount of gaps of the aspheric surface aberration value 
[ optical property / desired ] shifted as a result of detection. The lens characterized by fabricating with the final 
shaping metal mold which determined the minute variation of a high order term as an amount of adjustments 
among corresponding aspheric surface constants, added this amount of adjustments to the aspheric surface 
constant of the formula which specifies the aspheric surface of the above-mentioned provisional shaping metal 
mold, and was designed as a new geometric design value. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the design approach of the shaping metal mold of a new lens, 
and the lens which this fabricated. It is related with the technique of aiming at improvement in the optical 
property of the fabricated lens in detail. 
[0002] 

[Description of the Prior Art] If it is in the optical disk drive equipment which uses optical disks, such as CD 
(compact disk) and DVD (digital video disc), as a record medium, an objective lens is used for the optical 
pickup, and, as for this objective lens, mold goods, such as glass and plastics, are used. 

[0003] Based on an optical design, it succeeds in that geometric design so that this objective lens may obtain a 
desired optical property beforehand (this geometric design value is hereafter called "ideal geometric design 
value".), and shaping metal mold is designed with this ideal geometric design value and the same geometric 
design value of concavo-convex reverse. 

[0004] However, in order to contract mold goods after shaping, a desired configuration (configuration of an 
ideal geometric design value) cannot be maintained, but the fabricated objective lens may differ from the thing 
of a request of the optical property. 

[0005] Then, in order to obtain the objective lens which carried out the configuration of an ideal geometric 
design value, there is the design approach of the shaping metal mold shown in JP,5-96572,A. 
[0006] a lens provisional at the shaping metal mold created provisionally according to the design approach of 
the shaping metal mold shown in this JP,5-96572,A — fabricating ~ the above — when it asks for a 
configuration regression curve from the difference of the geometry value of provisional shaping metal mold, 
and the configuration measured value of a lens and a shaping metal mold design feeds this back, it is going to 
create new shaping metal mold. 

[0007] Thereby, the lens approximated to the configuration of an ideal geometric design value can be 

fabricated. 

[0008] 

[Problem(s) to be Solved by the Invention] However, the present condition is being unable to obtain a desired 
optical property (spherical aberration) by minute difference of the refractive index of an ingredient, the 
thickness of a lens, etc., if the transmitted wave side aberration which is optical interference measurement 
estimates even if it is the lens fabricated in this way. 

[0009] In connection with the densification of the recording density of DVD etc., conventionally, the width of 
face of the permitted tolerance is becoming narrow, and we are especially anxious about the yield of a shaping 
lens getting worse in recent years. 

[0010] Then, this invention makes it a technical problem to offer the lens which has a desired optical property 
with a sufficient precision, without being influenced by the ingredient contraction which is the indefinite 
element of a lens, change of a refractive index, etc. about the design approach of the shaping metal mold of the 
lens fabricated, and the lens fabricated by this. 
[0011] 

[Means for Solving the Problem] In order that the design approach of the shaping metal mold of this invention 
lens may solve the above-mentioned technical problem While creating provisional shaping metal mold based on 
a predetermined geometric design value and fabricating a provisional lens with this provisional shaping metal 
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mold While measuring the optical property of the fabricated provisional lens and detecting the amount of gaps 
of the spherical-aberration value as compared with a desired optical property The relation between the minute 
variation of a high order term and the amount of fluctuation of a spherical-aberration value is tested by 
comparison on the table for which it asked beforehand among the aspheric surface constants of the formula 
which specifies the aspheric surface for the amount of gaps of the aspheric surface aberration value [ optical 
property / desired ] shifted as a result of detection. The minute variation of a high order term is determined as an 
amount of adjustments among corresponding aspheric surface constants, this amount of adjustments is added to 
the aspheric surface constant of the formula which specifies the aspheric surface of the above-mentioned 
provisional shaping metal mold, and shaping metal mold final as a new geometric design value is designed. 
[0012] Moreover, while this invention lens creates provisional shaping metal mold based on a predetermined 
geometric design value and fabricating a provisional lens with this provisional shaping metal mold While 
measuring the optical property of the fabricated provisional lens and detecting the amount of gaps of the 
spherical-aberration value as compared with a desired optical property The relation between the minute 
variation of a high order term and the amount of fluctuation of a spherical-aberration value is tested by 
comparison on the table for which it asked beforehand among the aspheric surface constants of the formula 
which specifies the aspheric surface for the amount of gaps of the aspheric surface aberration value [ optical 
property / desired ] shifted as a result of detection. The minute variation of a high order term is determined as an 
amount of adjustments among corresponding aspheric surface constants, and it fabricates with the final shaping 
metal mold which added this amount of adjustments to the aspheric surface constant of the formula which 
specifies the aspheric surface of the above-mentioned provisional shaping metal mold, and was designed as a 
new geometric design value. 

[0013] Therefore, if it is in the design approach of the shaping metal mold of this invention lens, and the lens 
which this fabricated Since adjustment of the spherical aberration which there is no need that the evaluation 
about the fabricated lens analyzes finely ingredient contraction, change of a refractive index, etc. which are a 
thing about an optical property and are the indefinite element of a lens, and includes these is possible, Since the 
lens equipped with the optical property for which it asks can be fabricated and the amount of adjustments is 
moreover made into the minute variation of a high order term among the aspheric surface constants of the 
formula which specifies the aspheric surface, By choosing the high order term suitably, highly precise 
adjustment can be performed and the lens approximated by the desired optical property can be fabricated easily. 

[0014] 

[Embodiment of the Invention] Below, the design approach of the shaping metal mold of this invention lens and 
the gestalt of operation of the lens which this fabricated are explained with reference to an accompanying 
drawing. 

[0015] Drawing 1 shows typically the shaping metal mold 2 used for shaping of the objective lens 1 for CD. 
[0016] The shaping metal mold 2 consists of the heaters 5 and 5 arranged so that the bottom shaping metal mold 
3 created by the desired configuration, the bottom shaping metal mold 4 created by the desired configuration, 
and these might be inserted from right and left. 

[0017] A cavity 6 is formed between the bottom shaping metal mold 3 and the bottom shaping metal mold 4, a 
molding material 7 is located in this cavity 6 considering fuselages 8 and 8 as a guide, and a molding material 7 
is heated and pressed at the above-mentioned heaters 5 and 5. 

[0018] Thereby, the objective lens 1 with which the configuration of the bottom shaping metal mold 3 and the 
bottom shaping metal mold 4 was imprinted is fabricated. 

[0019] And in order to obtain the objective lens 1 which has a desired optical property, the design approach of 
shaping metal mold is explained according to the flow chart Fig. of drawing 2 . 
[0020] - Step 1 (SI) 

The objective lens 1 and the provisional shaping metal mold 2 of the imagination which has the lens side of a 
predetermined configuration are designed. The formula which specifies the lens side of the objective lens 1 of 
this imagination is shown in "a-one number." That of "a-one number" is a formula which specifies the aspheric 
surface, and assumes the lens side of an ideal by the "-one number (1)" formula mostly by the optical simulation 
of an optical property. 

[0021] Moreover, the shaping side of an ideal is similarly assumed mostly by the "-one number (2)" type about 
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the provisional shaping metal mold 2. 
[0022] 
[Equation 1] 

Z l =X^/R L /[l^{l-(\^K l lXIR h f } 1/2 h^X'' 
Z r =*'/* r /[l + {l-(l + ** XXfR K f } m hlA ri X< 

X:ft*to\Z&&te*ftti[ 

Rxi&mv&sp^m 

[0023] - Step 2 (S2) 

A lens is fabricated with shaping metal mold. When step 2 (S2) flows from the above-mentioned step 1 (SI), 
this shaping metal mold turns into the above-mentioned provisional shaping metal mold 2. Since it is not 
necessarily a thing with the optical property of a final request, let this lens be the provisional objective lens 1. 
Moreover, in flowing from step 6 (S6) mentioned later, this shaping metal mold turns into shaping metal mold 
after adjustment. 
[0024] - Step 3 (S3) 

The optical property is measured and evaluated about the fabricated objective lens 1 . An interference fringe and 
the 3rd spherical-aberration value are acquired for example, by transmitted wave side measurement, and the 
existence of gap with a desired optical property is judged to be evaluation of an optical property. When gap is 
between the optical properties for which progress to step 4 (S4) and it asks when there is no gap between the 
optical properties for which it asks as a result of evaluation, it progresses to step 5 (S5). 
[0025] In the case of the above-mentioned provisional objective lens 1, gap has usually arisen in the optical 
property. As a result of performing transmitted wave side measurement about this provisional objective lens 1, 
suppose that the 3rd spherical-aberration value (+0.0201ambdarms) shown in the interference fringe shown in 
drawing 3 (a) and drawing 3 (b) was acquired. When this interference fringe is observed, it turns out that the 
vertical part is swinging [ each stripes ]. "+0.0201ambdarms" In the ideal objective lens which can obtain the 
optical property for which it asks, the above-mentioned interference fringe is a straight line, and the 3rd 
spherical-aberration value is "0", and if it is in this provisional objective lens 1, the spherical-aberration value 
will have shifted. 
[0026] - Step 4 (S4) 

The fabricated objective lens 1 has a desired optical property, and can judge the shaping metal mold 2 which 
fabricated this as shaping metal mold 2 which can fabricate the objective lens 1 with a desired optical property. 
In addition, when the provisional objective lens 1 has a desired optical property, the provisional objective lens 1 
to apply is not provisional any longer, and is just an objective lens 1 . Moreover, it can be judged that the above- 
mentioned provisional shaping metal mold 2 which fabricated this is not provisional, either, and is just the 
shaping metal mold 2. 
[0027] - Step 5 (S5) 

It checks on the table T which set up beforehand gap from the optical property of a request of the provisional 
objective lens 1 by the optical simulation, and an adjusted part of the shaping metal mold 2 is determined. Table 
T shows the correspondence relation between the variation (deltaA4) when changing "the aspheric surface 
constant Ai" minutely about the above ,! a-one number (2)", and the amount of fluctuation of a spherical- 
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aberration value. This table T is shown in drawing 4 as a table. 

[0028] For example, if "-0.5E-05" change of the 4th term (A4) of the "-one number (2)" type of the bottom 
provisional shaping metal mold 3 is carried out When a spherical-aberration value (3rd order) carries out 
"+0.0051ambdarms" fluctuation and "+0.5E-05" change of the 4th term (A4) of a "-one number (2)" type is 
carried out, drawing 4 shows that a spherical-aberration value (3rd order) carries out "-0.0051ambdarms" 
fluctuation. 

[0029] Similarly, if "-1 .OE-05" change of the 4th term (A4) of the "-one number (2)" type of the bottom 
provisional shaping metal mold 4 is carried out When a spherical-aberration value (3rd order) carries out "- 
0.0081ambdarms" fluctuation and "+1 .0E-05" change of the 4th term (A4) of the "-one number (2)" type of the 
bottom provisional shaping metal mold 4 is carried out, drawing 4 shows that a spherical-aberration value (3rd 
order) carries out "-0.0081ambdarms" fluctuation. 

[0030] And an adjusted part for the spherical-aberration value of the optical property of the provisional 
objective lens 1 to be "+0.0201ambdarms", and cancel this by the above-mentioned step 3 (S3), is chosen from 
drawing 4 R> 4. What is necessary is just to specifically discover a changed part of each deltaA4 from which 
the changed sum total of addition and subtraction by a changed part and/or the bottom provisional shaping 
metal mold 4 by the bottom provisional shaping metal mold 3 is set to "-0.0201ambdarms", in order to cancel 
"+0.0201ambdarms." Consequently, if a changed part "-0.01 llambdarms" by the bottom provisional shaping 
metal mold 3 and a changed part "-0.0081ambdarms" by the bottom provisional shaping metal mold 4 are 
totaled, it will be set to "-0.0191ambdarms", and it turns out that a part for the above-mentioned gap is mostly 
cancelable. Therefore, in this example, it determines as deltaA4=-l. OE-05 as an adjusted part of the upper 
provisional shaping metal mold 3 as an adjusted part of deltaA4=+l .OE-05 and the lower provisional shaping 
metal mold 4, and progresses to step 6 (S6). 

[0031] - Add an adjusted part of deltaA4 determined by step 6 (S6) step 5 (S5) above "a-one number (2)", and 
design the bottom shaping metal mold 3 and the bottom shaping metal mold 4 again. Therefore, the formula of 
the shaping side of the shaping metal mold 3 and 4 after adjustment becomes like "a- two number." In addition, 
only the 4th term of the above "a-one number" is taken out and described in "a-two number." 
[0032] 
[Equation 2] 

i8S&*>J:4B)4^i*ff 4 =_L4t3!«>i4 r4 +1.0x10^ (3) 

mm&<oTW&m&ft ^ 4 =t^^<o^ 4 -i.oxio- 5 (4) 

[0033] Thus, shaping of return and an objective lens 1 is performed to step 2 (S2) by the designed shaping metal 
mold 2. 

[0034] The deer was carried out, and as a result of performing the optical property of the objective lens 1 
fabricated with the shaping metal mold 2 after this adjustment at step 3 (S3), an interference fringe and the 3rd 
spherical-aberration value (-0.001 lambdarms) as shown in drawin g 5 (b) were acquired. The shaping metal 
mold 2 after the adjustment which the objective lens 1 concerned has the optical property and configuration for 
which it asks by progressing to step 4 (S4), therefore fabricated this by this can also be judged as shaping metal 
mold 2 which can fabricate the objective lens 1 with a desired optical property. 

[0035] In addition, although the optical simulation of the spherical aberration by minute variation deltaA4 of 
only the term of "A4" of the "-one number (2)" type of a vertical lens side was shown in Table T as an example 
of a typical objective lens as mentioned above, by not restricting to this and adjusting high order spherical 
aberration further, still minuter adjustment can be performed and an optical property can be raised further. In 
this case, it is necessary to investigate the correspondence relation between the 3rd high order spherical- 
aberration more than value and the combination (sigmadeltaAiXi) of a high order term beforehand as a table. 
[0036] Moreover, although each was adjusted about the vertical lens side of an objective lens if it was in the 
gestalt of the above-mentioned implementation, this invention may be made to adjust about not only this but 
one of lens sides (either [ i.e., ] bottom shaping metal mold or bottom shaping metal mold). Thus, if one of 
shaping metal mold is adjusted, when the objective lens with which spherical aberration (3rd order) differed in 
the objective lens of the same kind needs to fabricate two or more kinds, for example, in order to obtain volume 
efficiency, one configuration of shaping metal mold is fixed, and the objective lens which has a desired optical 
property can be fabricated also by changing the aspheric surface constant Ai very small about the shaping metal 
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mold of another side. 

[0037] In addition, although this invention was applied to the objective lens of an optical pickup in the gestalt of 
the above-mentioned implementation, this invention is applicable not only to this but the general lens fabricated 
like plastics and glass. 

[0038] Moreover, in the gestalt of the above-mentioned implementation, although the shaping approach by the 
press was explained, this invention is applicable to the shaping approach, for example, injection molding etc., of 
using not only this but shaping metal mold. 

[0039] In addition, it passes over no the configurations and structures of each part which were shown in the 
above-mentioned gestalt of operation to what showed a mere example of the somatization which hits carrying 
out this invention, and the technical range of this invention is not restrictively interpreted by these. 
[0040] 

[Effect of the Invention] So that clearly from the place indicated above the design approach of the shaping metal 
mold of this invention lens While creating provisional shaping metal mold based on a predetermined geometric 
design value and fabricating a provisional lens with this provisional shaping metal mold While measuring the 
optical property of the fabricated provisional lens and detecting the amount of gaps of the spherical-aberration 
value as compared with a desired optical property The relation between the minute variation of a high order 
term and the amount of fluctuation of a spherical-aberration value is tested by comparison on the table for 
which it asked beforehand among the aspheric surface constants of the formula which specifies the aspheric 
surface for the amount of gaps of the aspheric surface aberration value [ optical property / desired ] shifted as a 
result of detection. It is characterized by determining the minute variation of a high order term as an amount of 
adjustments among corresponding aspheric surface constants, adding this amount of adjustments to the aspheric 
surface constant of the formula which specifies the aspheric surface of the above-mentioned provisional shaping 
metal mold, and designing shaping metal mold final as a new geometric design value. 

[0041] Moreover, while this invention lens creates provisional shaping metal mold based on a predetermined 
geometric design value and fabricating a provisional lens with this provisional shaping metal mold While 
measuring the optical property of the fabricated provisional lens and detecting the amount of gaps of the 
spherical-aberration value as compared with a desired optical property The relation between the minute 
variation of a high order term and the amount of fluctuation of a spherical-aberration value is tested by 
comparison on the table for which it asked beforehand among the aspheric surface constants of the formula 
which specifies the aspheric surface for the amount of gaps of the aspheric surface aberration value [ optical 
property / desired ] shifted as a result of detection. It is characterized by fabricating with the final shaping metal 
mold which determined the minute variation of a high order term as an amount of adjustments among 
corresponding aspheric surface constants, added this amount of adjustments to the aspheric surface constant of 
the formula which specifies the aspheric surface of the above-mentioned provisional shaping metal mold, and 
was designed as a new geometric design value. 

[0042] Therefore, if it is in the design approach of the shaping metal mold of this invention lens, and the lens 
which this fabricated Since adjustment of the spherical aberration which there is no need that the evaluation 
about the fabricated lens analyzes finely ingredient contraction, change of a refractive index, etc. which are a 
thing about an optical property and are the indefinite element of a lens, and includes these is possible, Since the 
lens equipped with the optical property for which it asks can be fabricated and the amount of adjustments is 
moreover made into the minute variation of a high order term among the aspheric surface constants of the 
formula which specifies the aspheric surface, By choosing the high order term, highly precise adjustment can be 
performed and the lens approximated by the desired optical property can be fabricated easily. 



[Translation done.] 
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U U>XO^ttS«*T*-5«»JR«^H»fspO*ft 
A^:MSn5Ci:ft< 4 Brfl®%4M»tteftKJl< 

[0011] 

A»iBC J: 0 ■« 1/ > Xt «»T« 1 1 

l/>Xo*Wtt*B*LTJKBo*4M»ttt 
JtttL, -t^WffiiR^BcDXUBtllkia-rSitfeK:, 
«ffl<0<S*. ITra«>%^1«tt^6'4 > nA:#ttBBBB«> 

3»^>tt/h^:SftSd:«BJRBB«)BHiB&0!>B(R«?A 

3 5»**0»/|*ttBfcR*BBR£LTft*U KB 

[0 0 12] *?ZWU>X\Z. ffil£<DMft®mm 

tzmrJzwfcfizB&mtofctgL&m*. mwfe&j&&miz 



(3) 
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[0 0 13] ftoT, *J8iBU>X«)J*»*a!0»»3Sr 

0, u>x<D^*«»*T»a»3WiRiHi^HS^<o»ft 
feu>x*j«»-r*ci:3&t-efr, l***>. f^Min 

LTV>*fc«&, Z-OlS&m&m&MRlTZZL 20 
Co 0 1 4] 

oK«-*ttft«c:n^«fcOj«»Ufcu>x<z) 



[0015] aifi, cDm<fi*tto\s>xi<DigLmizm 
[0016] F&&&m2\t* mmvu&mzft&zrifzi: 

[0017] ±{Bi]/&fl2£U 3 £TffldJ5)cJ£&§!i 4 i^KJC 

[0018] :nwo. ±«jsS»«a3^T«jBS»« 
^4 t<7)igtt^ac^$n>t»*U'>xi^riE»$n*. 

[0 0 19] fit, WS<D>fcWtt**T*#«l/> 
[0 0 2 0] • Xf-^l (S 1) 

mfe<nMW<Du>xm&ft?zfcm<Dttyii<>xiiLZfi 
ou->xiBt«*-r«a* r»u f-^-To rstu © 
— ->a >fzi:os«aaoi/>XB* r»i (l) j ^ 

[0 0 2 1] g-fc. H«StC*«rt^*a2lCt5V^Tfc, 

r»i (2) j ai:«k oasiaofliJSiitfijtT*. 

[0 0 2 2] 

]+2^ u ^r' (1) 

UJ ] + X-4 r ^' (2) 



d tl :U>'Xtf>#«iai£# 



[0 0 2 3] • (S 2) 

f&M&miz<kK)i,>x£i&m-rz>. ^j-y^z (S2) 

fcL iie^T^v/^l (SI) ^effitix< 

*V^6 <S6) *^Snt<SS&CH ;M»*j3cJB& 



[0 0 2 4] • ^f7^3 (S3) 

£ u > x 1 fc o v*T*0>*¥»tt« l 

**^»tt<h(7)PMlJZ^^rXU^>iV»«^^tt, Xfy 
^4 (S4) Kiffe^, ffiaT*ft¥»tt£<BMlzXl'a* 
*5«^tt^f7^5 (S5) \zmtS. 



5 
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[0 0 2 5] ±B»ft»4h V >X 1 0>»^ttaflf3t*» 

#133 <b> K^-r3*<Dj*siKSM ( + o. 020 a 

^O, 3*<7>J$MiR£Mte r 0 j 
SS«l/>Xl K&oTtes*®JR^M# r+o. 020 

ArasJ XUTV^^iKft*. 10 
[0 0 2 6] • Xf7^4 (S 4) 

•5 1/ >X 1 C <h^T t ^filci^I 2 £ 

£tt*/SraL&±K«£jSJB&S!2 fcfiS 

*<T#*. 20 

[0 0 2 7] • Xf7^5 (S 5) 

U >X 1 ©Bf a<036*«rtt^ 60X1/ ~> 

y;PT<fc«, ±3B r»i (2) j c^^t r#»ffi3ER 

A,j *»/hfc«flsS-frfct#©*fta (AA,i) 

[0 0 2 8] MAtf, ±«*)CJS»«Sl 3 0 rfti 
(2) j i£<D4$:m (Aa) £ r-0. 5E-05J S£ 30 
flS^tf 3*®lR^M (3*) T+ 0. 0 0 5 Arm 

sj SCftU r»i (2) j S:©4^jm (A 4 ) € r + 

0. 5E-05J &itHl±Z>£> SftSliKSfK (3*) 



r-0. OOSAnnsJ S»t5Ci^B4*^*5. 

[0029] mace, T««**»4ffl4a) r&i 

(2) J i£<D4*Am (A 4 > £ r-l. 0E-05J 3! 
fc£i±££, JSBSiR^ffl (3*) tt r- 0. 0 0 8 Ann 
sJ SJftL. T««J&5fc»&ffl4C!> rati (2) J i£<7) 
4^Xi CA4) £ r+i. 0E-0 5J aHfc$i*5<b, 
«ffiiKaE« (3^)' fj r-0. 0 0 8 ArmsJ ^fttS 
«l£:7Wa4 7&>£jS?<5. 

[0 0 3 0] ^LT, ±E2Xt"v^3 (S3) I:«fc0f 

S»«ii/>Xi co^#^tt«)3»®jR«ffl^, r+o. 0 

2 0ArmsJ T&O. cn£JSt8T£fc#<DIBg#£0 
4^6StR-T^o AttWCtt, r+ 0. 0 2 0 ArmsJ 

^ r-0. 0 2 0 ArmsJ \ZUZ>& ^U^ttl^tlO A A< 

£I!l3K£3^$j# r-0. OllArmsj £T«Sfi 
«^|4 ft £Z>$tmft r- 0. 0 0 8 ArmsJ 
ftT££ f-O. 0 19An*sJ ttjiO, fc#-hffiXLV 

±«(0«3trit^*ffl3«)«HK#tUr AA 4 = + 1. 0 
E- 0 5RZlKTiiJ(7D^^^^^^4cOi«l[^<i:LTAA 
4 = -l. 0E-O5tLt*SlUfy?6 (S 
6) Citfr, 

[0 0 3 1] ^f7y6 (S6) ^x*v^5 <S5) 

fCcfc0ft^$n/iAA4OH»»*±E rai (2) j 
\z 

wit, mm. ±m&LM&m3RzrFmf8,j&&M4*: 

r&2j <bj:5k:&s. fc*3, 2 j tw«±E 

[0 0 3 2 ] 

[ft 2] 

+1.0x10-* (3) 

-l.OxlO* 5 (4) 



[0 0 3 3] Z.<Z>£o\Z®at£tlfZJ$.)&&M2 HJ;0. 

(S2) tens, nm^yxx <D&B&nt> 

[0 0 3 4] L^IT, ^^*WJBaco^^ffl2T* 
tlf^Jft 1/ >X 1 <^)t^tt^7 7 7^3 (S3) 
TfTofc^Jfi, 0 5) (b) H^-TJ: ^j:fi«C/3 
#<D£*®HXM<! (-0. 00 1 Arms) rt<t#Sttfc. £ 

niccko, xt7^4 (S4> Kit*. %mttm\s>x 

itnmvyxx ^tsci^t^^^MS2 <t l 

[0 0 3 5] ftfc, _ba>(a<fc3K:, 7— y;iVTfz«f\:^ 
WUtttyi'i'Xcnmt. Lt, _bTu>x'@i<E> rgi 



(2) j sco) r j 

IT, ^#3#:tU: 
[0 0 3 6] 

>xoy±.Tu>xm 
50 cw^^cufn^ 



tz iK*»aiRig(Z) wbe^ r * ^ t k: 

co^t, ^*rti%m&?z>&'iiz 
^rmm^nv^-DizLxhA^ 
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g (3#) o»a-3fc»ftu>x^ifiaiiiR«»-r** 
s»Ai sa^fcxfta-e-* c <t k <t r> x fcBfa©** 

[0 0 3 7] fc*5, ±E*«0»ttJC*5l»T**^€:* 
*fcfy^7yX««0»»U>X(Zi8fflLfc^. *%8fl 

»Stl*l/>X-«JCj|fflr*Ili:^T^S. 10 
[0 0 3 8] ±E*lfi<D*»lc4al>TH. XUX 

[0 0 3 9] COffi, ±BUfcltlfi<Z>^ai^*st»T^L 

[0 0 4 0] 20 

^S!^J:0B^U>X$^r-5i:i:t ) (C, ja®«*n;t 
«)eu>X<Z)3fc*»tt*«^LTBfa<Z)*^tt^lttt 

HffS(Z)3t*«rtt^6rnfc^ffi»R^ii<7)X^ 
[0 0 4 1] *&, *«i!HU>XkL »f;t<DJBttRtH« 



8 

>Xco**»ttejR9fiLTflffao**»tt^lt<SL, -t 

wj»iffiiRi6«[coxni*«aa-r*i:tt>c sitti^fe 

[0 0 4 2] ffiot, *«WU>XOJ5R»*a!0»«-* 
l> >X«c^v^T<0g?fiB^3t^«rttK^t^Tfe©r* 

iRssco«a^iiifl6T**fca&. wa-r-6Jt*»tt*«* 

fcU>X*J«»"r-&C(!:^-e*, L*»ti, ^cDISffifi^ 
*»B*a«t-*a^#3»B*R0 5ftS5*«l©«/h* 

L/i^>X€:SSfz^^-r*Ci:^"C**. 
[Hffi©HIIWR«] 

[gin u>x<z)fiE^^ffl^sfiB^*a!*^-r«iCHT 

[B3] f 1/ > Xfl))t*»tt« Sf t>©^ 
(a) «^t*«. (b) li3*0»iBiR«awHT* 

[El 4] f-^$^TB-C*5, 
[85] Ma«Ofilc»41!TJaE»bfc»»U>Xa)3l|6* 
fiftt^StfeOT, (a) te^FJMS, (b) te3#<7>£* 

B«2SBO)0-e**. 

1 U>X. 2-dc»*ffl, T-t— X^ 
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O.0M 
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t -0.018 


-a 5E-05 
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-1.01-05 


-a cos 


0 


0 


1 0 


0 


0.51-05 


-a o"o5 


1.0S -05 


0. 008 


! I.OE-OS 


-0. on 
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0-016 
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-0.016 | 


3.0£-05 
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-0. 022 


4. Of-05 
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